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SUMMARY 


A bioassay  for  possible  carcinogenicity  of  lindane  was  conducted 
by  administering  the  test  chemical  in  the  diet  to  Osborne-Mendel 
rats  and  B6C3F1  mice. 


Groups  of  50  rats  of  each  sex  were  administered  lindane  at  one  of 
two  doses  for  80  weeks,  then  observed  for , 29-30  weeks.  Time- 
weighted  average  doses  for  males  were  236  or  472  ppm;  those  for 
females  were  135  or  270  ppm.  Matched  controls  consisted  of 
groups  of  10  untreated  rats  of  each  sex;  pooled  controls,  used 
for  statistical  evaluation,  consisted  of  the  matched-control 
groups  combined  with  45  untreated  male  and  45  untreated  female 
rats  from  similar  bioassays  of  four  other  test  chemicals.  All 
surviving  rats  were  killed  at  108-110  weeks. 


Groups  of  50  mice  of  each  sex  were  administered  lindane  at  one  of 
two  doses,  either  80  or  160  ppm,  for  80  weeks,  then  observed  for 
an  additional  10-11  weeks.  Matched  controls  consisted  of  groups 
of  10  untreated  mice  of  each  sex;  pooled  controls,  used  for 
statistical  evaluation,  consisted  of  the  matched-control  groups 
combined  with  40  untreated  male  and  40  untreated  female  mice  from 
similar  bioassays  of  four  other  test  chemicals.  All  surviving 
mice  were  killed  at  90-91  weeks. 


Neither  the  mean  body  weights  of  rats  nor  those  of  mice  showed 
consistent  effects  from  the  administration  of  lindane.  The 
physical  condition  of  the  surviving  treated  mice  deteriorated 
during  the  final  6 weeks  on  study.  Except  for  the  female 
matched-control  group  of  rats,  survival  of  all  groups  of  rats  and 
mice  was  adequate  for  meaningful  statistical  analyses  of  the 
incidence  of  tumors. 


In  rats,  no  tumor  occurred  at  a statistically  significant 
incidence  in  the  treated  groups  of  either  sex. 
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In  mice,  the  incidence  of  hepatocellular  carcinoma  in  low-dose 
males  was  significant  when  compared  with  that  in  the  pooled 
controls  (controls  5/49,  low-dose  19/49,  P = 0.001).  This 

finding,  by  itself,  is  insufficient  to  establish  the 
carcinogenicity  of  lindane.  The  incidence  of  hepatocellular 
carcinoma  in  high-dose  male  mice  (9/46)  was  not  significantly 
different  from  that  in  the  matched  (2/10)  or  pooled  controls. 


It  is  concluded  that  under  the  conditions  of  this  bioassay, 
lindane  was  not  carcinogenic  for  Osborne-Mendel  rats  or  B6C3F1 
mice. 
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I.  INTRODUCTION 


Lindane  (CAS  58-89-9;  NCI  C00204)  is  an  organochlorine  pesticide 
that  is  registered  for  use  in  soil,  foliar,  and  seed  treatment 
for  a large  variety  of  fruit  and  vegetable  crops,  and  for  use  on 
livestock,  pets,  and  agricultural  premises  (EPA,  1971,  1973). 
Residues  of  lindane  may  be  persistent  in  soil  and  foods  (Hayes, 
1975).  There  may  also  be  direct  human  exposure  to  lindane 
through  its  use  in  pharmaceutical  preparations  or  in  public 
health  pest  control. 

Lindane  was  selected  for  testing  because  data  regarding  its 
carcinogenicity  were  considered  inadequate,  and  because  there  was 
a potential  for  long-term  human  exposure  due  to  its  extensive  use 
and  its  persistence  in  the  environment. 
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II . MATERIALS  AND  METHODS 


A.  Chemical 

Lindane  is  the  gamma  isomer  of  1,2,3,4,5,6-hexachlorocyclohexane. 
It  was  obtained  in  two  batches  for  the  chronic  study,  the  first 
batch  from  City  Chemical  Co.,  New  York,  N.  Y.  , and  the  second 
batch  from  Diamond  Shamrock  Co.,  Agricultural  Chemicals  Division, 
Cleveland,  Ohio.  Both  suppliers  reported  the  chemical  to  be 
essentially  100%  pure. 

The  identity  and  purity  of  these  batches  were  confirmed  at  Gulf 
South  Research  Institute  using  melting  point;  elemental  analysis 
(C,  H,  Cl)  for  C^H^Cl^;  infrared,  nuclear  magnetic  resonance,  and 
mass  spectroscopy;  and  thin-layer  and  gas-liquid  chromatography. 
The  chemical  was  stored  at  approximately  4°C. 

B . Dietary  Preparation 

All  diets  were  formulated  using  finely  ground  Wayne®  Lab  Blox 
meal  (Allied  Mills,  Inc.,  Chicago,  111.)  to  which  was  added  the 
required  amount  of  lindane  for  each  dietary  concentration.  The 
test  chemical  was  first  dissolved  in  a small  amount  of  acetone 
(Mallinckrodt,  Inc.,  St.  Louis,  Mo.),  which  was  then  added  to  the 
feed.  Corn  oil  (Louana®,  Opelousas  Refinery  Co.,  Opelousas,  La.) 
was  also  added  to  the  feed,  primarily  as  a dust  suppressant,  and 
the  diets  were  mixed  mechanically  to  assure  homogeneity  of  the 
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mixtures  and  evaporation  of  the  acetone.  Final  diets,  including 
those  for  the  control  groups  of  animals,  contained  corn  oil  equal 
to  2%  of  the  final  weight  of  feed.  Formulated  diets  were  stored 
at  approximately  17°C  until  used,  but  no  longer  than  1 week. 

The  stability  of  lindane  in  feed  was  tested  by  determining  the 
concentration  of  the  chemical  in  formulated  diets  at  intervals 
over  a 7-day  period.  Diets  containing  80  or  320  ppm  lindane 
showed  no  change  in  concentration  on  standing  at  ambient 
temperature  for  this  period. 

As  a quality  control  test  on  the  accuracy  of  preparation  of  the 
diets,  the  concentration  of  lindane  was  determined  in  different 
batches  of  formulated  diets  during  the  chronic  study.  The 
results  are  summarized  in  Appendix  G.  At  each  dietary 
concentration,  the  mean  of  the  analytical  concentrations  for  the 
checked  samples  was  within  2.4%  of  the  theoretical  concentration, 
and  the  coefficient  of  variation  was  never  more  than  5.1%.  Thus, 
the  evidence  indicates  that  the  formulated  diets  were  prepared 
accurately. 

C . Animals 

Rats  and  mice  of  both  sexes,  obtained  through  contracts  of  the 
Division  of  Cancer  Treatment,  National  Cancer  Institute,  were 
used  in  these  bioassays.  The  rats  were  of  the  Osborne-Mendel 
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strain  obtained  from  Battelle  Memorial  Institute,  Columbus,  Ohio, 


and  the  mice  were  B6C3F1  hybrids  obtained  from  Charles  River 
Breeding  Laboratories,  Inc.,  Wilmington,  Massachusetts.  On 
arrival  at  the  laboratory,  all  animals  were  quarantined  for  an 
acclimation  period  (rats  for  10  days,  mice  for  12  days)  and  were 
then  assigned  to  control  and  treated  groups. 

D . Animal  Maintenance 

All  animals  were  housed  in  temperature-  and  humidity-controlled 
rooms.  The  temperature  range  was  22-24°C,  and  the  relative 
humidity  was  maintained  at  40-70%.  The  air  in  each  room  was 
changed  10-12  times  per  hour.  Fluorescent  lighting  provided 
illumination  10  hours  per  day.  Food  and  water  were  presented  ad 
libitum. 

The  rats  were  housed  individually  in  hanging  galvanized  steel 
mesh  cages,  and  the  mice  were  housed  in  plastic  cages  with  filter 
bonnets,  five  per  cage  for  females,  and  two  or  three  per  cage  for 
males.  Initially,  rats  were  transferred  once  per  week  to  clean 
cages;  later  in  the  study,  cages  were  changed  every  2 weeks. 
Mice  were  transferred  once  per  week  to  clean  cages  with  filter 
bonnets;  bedding  used  for  the  mice  was  Absorb-Dri®  (Lab  Products, 
Inc.,  Garfield,  N.J.).  For  rats,  absorbent  sheets  under  the 
cages  were  changed  three  times  per  week.  Feeder  jars  and  water 
bottles  were  changed  and  sterilized  three  times  per  week. 
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Cages  for  control  and  treated  mice  were  placed  on  separate  racks 
in  the  same  room.  Animal  racks  for  both  species  were  rotated 
laterally  once  per  week;  at  the  same  time  each  cage  was  changed 
to  a different  position  in  the  row  within  the  same  column.  Rats 
receiving  lindane,  along  with  their  matched  controls,  were  housed 
in  a room  by  themselves.  Mice  receiving  lindane  were  maintained 
in  a room  housing  mice  administered  safrole  (CAS  94-59-7)  or 
N-2-f luorenylacetamide  (CAS  53-96-3),  together  with  their 

respective  matched  controls. 

E.  Subchronic  Studies 

Subchronic  studies  were  conducted  to  estimate  the  maximum 
tolerated  doses  of  lindane,  on  the  basis  of  which  low  and  high 
concentrations  (hereinafter  referred  to  as  "low  doses"  and  "high 
doses")  were  determined  for  administration  in  the  chronic 
studies.  In  these  subchronic  studies,  lindane  was  added  to  the 
animal  feed  in  twofold  increasing  concentrations,  ranging  from 
160  to  2,560  ppm  for  rats  and  from  40  to  1,280  ppm  for  mice. 
Treated  and  control  groups  each  consisted  of  five  male  and  five 
female  animals.  The  chemical  was  provided  in  feed  to  the  treated 
groups  for  6 weeks,  followed  by  a period  of  observation  for  2 
weeks. 

In  male  or  female  rats  receiving  320  or  640  ppm,  weight  gains 
decreased  during  the  first  3 weeks.  Later,  weight  gains  of 
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treated  male  rats  approached  those  of  the  controls.  There  were 
no  deaths  at  these  doses;  however,  one  male  rat  and  two  female 
rats  treated  at  1,280  ppm  died  during  week  2.  The  low  and  high 
doses  for  the  chronic  studies  using  rats  were  set  at  320  and  640 
ppm. 

In  the  mice,  there  was  no  effect  on  weight  gains  at  80  and  160 
ppm,  and  no  deaths  occurred.  At  320  ppm,  one  male  died  during 
week  1 and  two  females  died  during  week  5.  By  week  5,  all  mice 
receiving  640  ppm  died.  The  low  and  high  doses  for  the  chronic 
studies  using  mice  were  set  at  80  and  160  ppm. 

F . Designs  of  Chronic  Studies 

The  designs  of  the  chronic  studies  are  shown  in  tables  1 and  2. 

Since  the  numbers  of  animals  in  the  matched-control  groups  were 
small,  pooled-control  groups  also  were  used  for  statistical 
comparisons.  Matched  controls  from  the  current  studies  on 
lindane  were  combined  with  matched  controls  from  studies 
performed  on  tetrachlorvinphos  (CAS  961-11-5),  toxaphene  (CAS 
8001-35-2),  endrin  (CAS  72-20-8),  and  malathion  (CAS  121-75-5). 
The  pooled  controls  for  statistical  tests  using  rats  consisted  of 
55  males  and  55  females;  using  mice,  50  males  and  50  females. 
The  studies  on  chemicals  other  than  lindane  were  also  conducted 
at  Gulf  South  Research  Institute  and  overlapped  the  lindane  study 
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Table  1.  Design  of  Lindane  Chronic  Feeding  Studies  in  Rats 


Sex  and 

Initial 

Lindane 

Time 

on  Study 

Time-Weighted 

Treatment 

No . of 

in  Diet*5 

Treated0  Untreatedd 

Average  Dosee 

Group 

Animals3 

(£R  m.)_ 

(weeks) 

(weeks) 

(PPm) 

Male 

Matched-Control 

10 

0 

109 

Low-Dose 

50 

320 

38 

236 

160 

42 

0 

30 

High-Dose 

50 

640 

38 

472 

320 

42 

0 

30 

Female 

Matched-Control 

10 

0 

108-109 

Low-Dose 

50 

320 

2 

135 

160 

49 

80 

29 

0 

29-30 

High-Dose 

50 

640 

2 

270 

320 

49 

160 

29 

0 

30 

aAll  animals  were  35  days  of  age  when  placed  on  study. 

^Doses  of  lindane  were  lowered  during  the  study,  as  indicated,  due  to 
deaths  among  the  treated  animals. 

CA11  animals  were  started  on  study  on  the  same  day. 

dWhen  diets  containing  lindane  were  discontinued,  treated  rats  and  their 
matched  controls  were  fed  control  diets  without  corn  oil  for  15  weeks, 
then  control  diets  (2%  corn  oil  added)  for  an  additional  15  weeks. 

eTime-weighted  average  dose  = E (dose  in  ppm  x no.  of  weeks  at  that  dose) 

^ (no.  of  weeks  receiving  each  dose) 
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Table  2.  Design  of  Lindane  Chronic  Feeding  Studies  in  Mice 


Sex  and 

Initial 

Lindane 

Time  on 

Study 

Treatment 

No . of 

in  Diet 

Treated^ 

Untreated0 

Group 

Animals3 

(PPm) 

(weeks) 

(weeks ) 

MALE 

Matched-Control 

10 

0 

90 

Low-Dose 

50 

80 

80 

0 

10 

High-Dose 

50 

160 

80 

0 

10 

FEMALE 

Matched-Control 

10 

0 

90 

Low-Dose 

50 

80 

80 

0 

10 

High-Dose 

50 

160 

80 

0 

10-11 

aAll  animals  were  35  days  of  age  when  placed  on  study. 

^All  animals  were  started  on  study  on  the  same  day. 

cWhen  diets  containing  lindane  were  discontinued,  treated  mice  and 
their  matched  controls  were  fed  control  diets  (2%  corn  oil  added). 
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by  at  least  1 year.  The  matched-control  groups  for  the  different 
test  chemicals  were  of  the  same  strain  and  from  the  same 
supplier,  and  they  were  examined  by  the  same  pathologists. 

G . Clinical  and  Pathologic  Examinations 

All  animals  were  observed  twice  daily  for  signs  of  toxicity, 
weighed  at  regular  intervals,  and  palpated  for  masses  at  each 
weighing.  Animals  that  were  moribund  at  the  time  of  clinical 
examination  were  killed  and  necropsied. 

The  pathologic  evaluation  consisted  of  gross  and  microscopic 
examination  of  major  tissues,  major  organs,  and  all  gross  lesions 
from  killed  animals  and  from  animals  found  dead.  The  following 
tissues  were  examined  microscopically:  skin,  lungs  and  bronchi, 

trachea,  bone  and  bone  marrow,  spleen,  lymph  nodes,  heart, 
salivary  gland,  liver,  gallbladder  (mice),  pancreas,  stomach, 
small  intestine,  large  intestine,  kidney,  urinary  bladder, 
pituitary,  adrenal,  thyroid,  parathyroid,  mammary  gland,  prostate 
or  uterus,  testis  or  ovary,  and  brain.  Occasionally,  additional 
tissues  were  also  examined  microscopically.  The  different 

tissues  were  preserved  in  10%  buffered  formalin,  embedded  in 
paraffin,  sectioned,  and  stained  with  hematoxylin  and  eosin. 
Special  staining  techniques  were  utilized  when  indicated  for  more 
definitive  diagnosis. 
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A few  tissues  from  some  animals  were  not  examined,  particularly 
from  those  animals  that  died  early.  Also,  some  animals  were 
missing,  cannibalized,  or  judged  to  be  in  such  an  advanced  state 
of  autolysis  as  to  preclude  histopathologic  evaluation.  Thus, 
the  number  of  animals  from  which  particular  organs  or  tissues 
were  examined  microscopically  varies,  and  does  not  necessarily 
represent  the  number  of  animals  that  were  placed  on  study  in  each 
group. 

H.  Data  Recording  and  Statistical  Analyses 

Pertinent  data  on  this  experiment  have  been  recorded  in  an  auto- 
matic data  processing  system,  the  Carcinogenesis  Bioassay  Data 
System  (Linhart  et  al.,  1974).  The  data  elements  include  descrip- 
tive information  on  the  chemicals,  animals,  experimental  design, 
clinical  observations,  survival,  body  weight,  and  individual 
pathologic  results,  as  recommended  by  the  International  Union 
Against  Cancer  (Berenblum,  1969).  Data  tables  were  generated  for 
verification  of  data  transcription  and  for  statistical  review. 

These  data  were  analyzed  using  the  statistical  techniques 
described  in  this  section.  Those  analyses  of  the  experimental 
results  that  bear  on  the  possibility  of  carcinogenicity  are 
discussed  in  the  statistical  narrative  sections. 

Probabilities  of  survival  were  estimated  by  the  product-limit 
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procedure  of  Kaplan  and  Meier  (1958)  and  are  presented  in  this 
report  in  the  form  of  graphs.  Animals  were  statistically 
censored  as  of  the  time  that  they  died  of  other  than  natural 
causes  or  were  found  to  be  missing;  animals  dying  from  natural 
causes  were  not  statistically  censored.  Statistical  analyses  for 
a possible  dose-related  effect  on  survival  used  the  method  of  Cox 
(1972)  for  testing  two  groups  for  equality  and  Tarone's  (1975) 
extensions  of  Cox's  methods  for  testing  for  a dose-related  trend. 
One-tailed  P values  have  been  reported  for  all  tests  except  the 
departure  from  linearity  test,  which  is  only  reported  when  its 
two-tailed  P value  is  less  than  0.05. 

The  incidence  of  neoplastic  or  nonneoplastic  lesions  has  been 
given  as  the  ratio  of  the  number  of  animals  bearing  such  lesions 
at  a specific  anatomic  site  (numerator)  to  the  number  of  animals 
in  which  that  site  is  examined  (denominator).  In  most  instances, 
the  denominators  included  only  those  animals  for  which  that  site 
was  examined  histologically.  However,  when  macroscopic  examin- 
ation was  required  to  detect  lesions  prior  to  histologic  sampling 
(e.g.,  skin  or  mammary  tumors),  or  when  lesions  could  have 
appeared  at  multiple  sites  (e.g.,  lymphomas),  the  denominators 
consist  of  the  numbers  of  animals  necropsied. 

The  purpose  of  the  statistical  analyses  of  tumor  incidence  is  to 
determine  whether  animals  receiving  the  test  chemical  developed  a 
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significantly  higher  proportion  of  tumors  than  did  the  control 
animals.  As  a part  of  these  analyses,  the  one-tailed  Fisher 
exact  test  (Cox,  1970)  was  used  to  compare  the  tumor  incidence  of 
a control  group  with  that  of  a group  of  treated  animals  at  each 
dose  level.  When  results  for  a number  of  treated  groups  (k)  are 
compared  simultaneously  with  those  for  a control  group,  a 
correction  to  ensure  an  overall  significance  level  of  0.05  may  be 
made.  The  Bonferroni  inequality  (Miller,  1966)  requires  that  the 
P value  for  any  comparison  be  less  than  or  equal  to  0.05/k.  In 
cases  where  this  correction  was  used,  it  is  discussed  in  the 
narrative  section.  It  is  not,  however,  presented  in  the  tables, 
where  the  Fisher  exact  P values  are  shown. 

The  Cochran-Armitage  test  for  linear  trend  in  proportions,  with 
continuity  correction  (Armitage,  1971),  was  also  used.  Under  the 
assumption  of  a linear  trend,  this  test  determines  if  the  slope 
of  the  dose-response  curve  is  different  from  zero  at  the  one- 
tailed  0.05  level  of  significance.  Unless  otherwise  noted,  the 
direction  of  the  significant  trend  is  a positive  dose  relation- 
ship. This  method  also  provides  a two-tailed  test  of  departure 
from  linear  trend. 

A time-adjusted  analysis  was  applied  when  numerous  early  deaths 
resulted  from  causes  that  were  not  associated  with  the  formation 
of  tumors.  In  this  analysis,  deaths  that  occurred  before  the 
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first  tumor  was  observed  were  excluded  by  basing  the  statistical 
tests  on  animals  that  survived  at  least  52  weeks,  unless  a tumor 
was  found  at  the  anatomic  site  of  interest  before  week  52.  When 
such  an  early  tumor  was  found,  comparisons  were  based  exclusively 
on  animals  that  survived  at  least  as  long  as  the  animal  in  which 
the  first  tumor  was  found.  Once  this  reduced  set  of  data  was 
obtained,  the  standard  procedures  for  analyses  of  the  incidence 
of  tumors  (Fisher  exact  tests,  Cochran-Armitage  tests,  etc.)  were 
followed. 

When  appropriate,  life-table  methods  were  used  to  analyze  the 
incidence  of  tumors.  Curves  of  the  proportions  surviving  without 
an  observed  tumor  were  computed  as  in  Saffiotti  et  al.  (1972). 
The  week  during  which  animals  died  naturally  or  were  sacrificed 
was  entered  as  the  time  point  of  tumor  observation.  Cox's 
methods  of  comparing  these  curves  were  used  for  two  groups; 
Tarone's  extension  to  testing  for  linear  trend  was  used  for  three 
groups.  The  statistical  tests  for  the  incidence  of  tumors  which 
used  life-table  methods  were  one-tailed  and,  unless  otherwise 
noted,  in  the  direction  of  a positive  dose  relationship. 
Significant  departures  from  linearity  (P  < 0.05,  two-tailed  test) 
were  also  noted. 

The  approximate  95  percent  confidence  interval  for  the  relative 
risk  of  each  treated  group  compared  to  its  control  was  calculated 
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from  the  exact  interval  on  the  odds  ratio  (Gart,  1971).  The 
relative  risk  is  defined  as  pt/pc  where  pt  is  the  true  binomial 
probability  of  the  incidence  of  a specific  type  of  tumor  in  a 
treated  group  of  animals  and  pc  is  the  true  probability  of  the 
spontaneous  incidence  of  the  same  type  of  tumor  in  a control 
group.  The  hypothesis  of  equality  between  the  true  proportion  of 
a specific  tumor  in  a treated  group  and  the  proportion  in  a 

control  group  corresponds  to  a relative  risk  of  unity.  Values  in 
excess  of  unity  represent  the  condition  of  a larger  proportion  in 
the  treated  group  than  in  the  control. 

The  lower  and  upper  limits  of  the  confidence  interval  of  the 

relative  risk  have  been  included  in  the  tables  of  statistical 
analyses.  The  interpretation  of  the  limits  is  that  in 

approximately  95%  of  a large  number  of  identical  experiments,  the 
true  ratio  of  the  risk  in  a treated  group  of  animals  to  that  in  a 

control  group  would  be  within  the  interval  calculated  from  the 

experiment.  When  the  lower  limit  of  the  confidence  interval  is 
greater  than  one,  it  can  be  inferred  that  a statistically 

significant  result  (a  P < 0.025  one-tailed  test  when  the  control 

incidence  is  not  zero,  P < 0.050  when  the  control  incidence  is 

zero)  has  occurred.  When  the  lower  limit  is  less  than  unity,  but 
the  upper  limit  is  greater  than  unity,  the  lower  limit  indicates 
the  absence  of  a significant  result  while  the  upper  limit 
indicates  that  there  is  a theoretical  possibility  of  the 


15 


induction  of  tumors  by  the  test  chemical,  which  could  not  be 
detected  under  the  conditions  of  this  test. 
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III.  RESULTS  - RATS 


A.  Body  Weights  and  Clinical  Signs  (Rats) 

Mean  body  weights  of  the  male  rats  were  unaffected  by  lindane 
(figure  1).  The  weights  of  the  low-dose  females  were  consistent- 
ly higher  than  those  of  the  matched-control  and  high-dose 
females,  and  the  weights  of  the  high-dose  females  were  higher 
than  those  of  the  matched  controls  near  the  end  of  the  study. 
Except  for  occasional  weight  loss  by  individual  animals,  the 
treated  animals  were  generally  comparable  to  the  controls  in 
appearance  and  behavior  during  the  first  year  of  the  study. 

Clinical  signs  in  all  treated  groups  were  noted  at  a low  or 
moderate  incidence  during  the  first  half  of  the  second  year,  and 
with  gradually  increasing  frequency  during  the  remainder  of  the 
study.  These  signs  included  rough  and  discolored  hair  coats 
(primarily  among  the  male  animals),  pale  mucous  membranes, 
dermatitis,  and  vaginal  bleeding. 

B . Survival  (Rats) 

The  Kaplan  and  Meier  curves  estimating  the  probabilities  of 
survival  for  male  and  female  rats  receiving  lindane  at  the  doses 
used  in  this  experiment,  together  with  those  of  the  matched 
controls,  are  shown  in  figure  2. 
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Figure  1.  Growth  Curves  For  Rats  Fed  Lindane  In  The  Diet 
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Figure  2.  Survival  Curves  For  Rats  Fed  Lindane  In  The  Diet 
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In  neither  sex  was  the  Tarone  test  result  significant  at  the  0.05 
level  for  positive  dose-related  trend  in  mortality  over  the 
period.  In  male  rats,  48%  of  the  high-dose  group,  50%  of  the 
low-dose  group,  and  60%  of  the  controls  lived  to  the  end  of  the 
study.  In  females,  only  40%  of  the  controls  survived  to  the  end 
of  the  study,  while  at  least  60%  of  the  low-  and  high-dose  groups 
survived.  Early  deaths  of  these  rats  were  not  tumor  associated. 
Over  80%  of  these  animals  lived  at  least  as  long  as  52  weeks  on 
study,  providing  adequate  numbers  of  rats  of  both  sexes  for 
meaningful  statistical  analyses  of  the  incidences  of  late- 
developing  tumors. 

C . Pathology  (Rats) 

Histopathologic  findings  on  neoplasms  in  rats  are  summarized  in 
Appendix  A,  tables  A1  and  A2 ; findings  on  nonneoplastic  lesions 
are  summarized  in  Appendix  C,  tables  Cl  and  C2. 

A variety  of  neoplastic,  proliferative,  degenerative,  and 
inflammatory  lesions  occurred  in  a random  manner  among  rats  of 
the  control  and  lindane-treated  groups.  The  majority  of  these 
lesions,  commonly  observed  in  this  strain  of  rat,  occurred  with  a 
low  incidence  within  a given  group. 

The  incidences  of  most  of  these  lesions  in  the  treated  groups 
were  comparable  to  those  in  the  controls.  Occasionally,  however. 
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these  lesions  occurred  only  in  animals  of  the  treated  groups. 
This  may  reflect  the  small  number  of  control  animals  rather  than 
any  harmful  effect  caused  by  the  chemical. 

In  the  judgment  of  the  pathologists,  there  was  no  evidence  of 
carcinogenicity  induced  in  Osborne-Mendel  rats  by  the  adminis- 
tration of  lindane  under  the  conditions  of  this  bioassay. 

D.  Statistical  Analyses  of  Results  (Rats) 

Tables  El  and  E2  in  Appendix  E contain  the  statistical  analyses 
of  the  incidences  of  those  specific  primary  tumors  that  were 
observed  in  at  least  5%  of  one  or  more  treated  groups  of  either 
sex. 

In  male  rats,  the  Cochran-Armitage  test  for  positive  dose-related 
trend  in  proportions  for  hemangioma  of  the  spleen  has  a probabil- 
ity level  of  0.030  using  the  pooled  controls;  however,  this  is 
based  on  only  a minimal  incidence  in  the  high-dose  group  (3/44, 
7%),  and  under  this  condition,  the  analysis  based  on  a hypothesis 
of  linear  trend  is  questionable.  Female  rats  do  not  show  any 
incidence  of  this  tumor.  There  is  inadequate  statistical 
evidence  to  conclude  that  the  occurrence  of  this  tumor  is  related 
to  treatment,  since  the  results  of  the  Fisher  exact  test  are  not 
significant. 
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In  the  analyses  of  the  incidence  of  chromophobe  adenoma  of  the 
pituitary  in  female  rats,  although  the  result  of  the  Cochran- 
Armitage  test  for  positive  dose-related  trend  in  proportions  is 
not  significant  at  the  0.05  level,  the  departure  from  linearity 
has  a probability  level  of  0.048  using  the  pooled  controls,  due 
to  the  higher  incidence  in  the  low-dose  group  than  in  the 
high-dose  group.  The  Fisher  exact  test  shows  a P value  of  0.033 
when  the  incidence  in  the  low-dose  females  is  compared  with  that 
in  the  pooled  controls,  but  this  probability  level  is  above  the 
0.025  level  required  by  the  Bonferroni  criterion  for  multiple 
comparisons.  In  male  rats,  the  statistical  test  results  for  the 
incidence  of  this  tumor  are  not  significant  in  the  positive  direc- 
tion. No  direct  relationship  between  the  incidence  of  this  tumor 
and  the  administration  of  lindane  can  be  concluded. 

In  female  rats,  the  Fischer  exact  tests  shows  a P value  of  0.049 
when  the  incidence  of  C-cell  adenoma  of  the  thyroid  in  the  low- 
dose  group  is  compared  with  that  in  the  pooled-control  group; 
however,  this  probability  level  is  above  the  0.025  level  required 
by  the  Bonferroni  criterion  for  multiple  comparisons. 

There  are  no  other  specific  incidences  of  tumors  for  which  the 
Cochran-Armitage  test  or  the  Fisher  exact  test  shows  significance 
in  the  positive  direction.  A negative  Cochran-Armitage  test 
result  is  observed  in  the  incidence  of  follicular-cell  adenoma  of 


22 


the  thyroid  in  male  rats  when  the  incidence  in  the  pooled 
controls  exceeds  the  incidences  in  the  treated  groups.  In  each 
of  the  95%  confidence  intervals  for  relative  risk,  shown  in  the 
tables,  the  value  of  one  is  included;  this  indicates  the  negative 
aspects  of  the  results.  It  should  also  be  noted  that  each  of  the 
intervals  has  an  upper  limit  greater  than  one,  indicating  the 
theoretical  possibility  of  the  induction  of  tumors  by  this 
chemical,  which  could  not  be  detected  under  the  conditions  of 
this  test. 
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IV.  RESULTS  - MICE 


A.  Body  Weights  and  Clinical  Signs  (Mice) 

Mean  body  weights  of  the  male  mice  were  unaffected  by  lindane 
(figure  3).  The  weights  of  the  low-dose  females  were  consistent- 
ly lower  than  those  of  the  matched-control  and  high-dose  females. 

During  the  first  year  of  the  study,  the  treated  animals  were 
generally  comparable  to  the  controls  in  appearance  and  behavior. 
A few  treated  animals  had  alopecia.  During  the  second  year,  all 
of  the  treated  females  appeared  excitable  when  handled,  and  many 
of  the  treated  males  were  observed  fighting.  Clinical  signs 
including  rough  hair  coats,  alopecia,  and  abdominal  distention 
(predominantly  in  treated  males)  were  noted  with  increasing 
frequency  during  the  remainder  of  the  study.  Treated  mice  were 
generally  in  poor  physical  condition  during  the  last  6 weeks  of 
the  study. 

B . Survival  (Mice) 

The  Kaplan  and  Meier  curves  estimating  the  probabilities  of 
survival  for  male  and  female  mice  receiving  lindane  at  the  doses 
used  in  this  experiment,  together  with  those  of  the  matched 
controls,  are  shown  in  figure  4. 
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Figure  3.  Growth  Curves  For  Mice  Fed  Lindane  In  The  Diet 
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Figure  4.  Survival  Curves  For  Mice  Fed  Lindane  In  The  Diet 
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In  neither  sex  was  the  Tarone  test  result  significant  for 
positive  dose-related  trend  in  mortality  over  the  period. 

The  survivals  for  treated  and  control  groups  within  each  sex  are 
comparable.  At  least  88%  of  the  males  and  80%  of  the  females 
lived  to  the  end  of  the  study,  providing  sufficient  animals  for 
meaningful  statistical  analyses  of  the  incidence  of  tumors. 

C . Pathology  (Mice) 

Histopathologic  findings  on  neoplasms  in  mice  are  summarized  in 
Appendix  B,  tables  Bl  and  B2;  findings  on  nonneoplastic  lesions 
are  summarized  in  Appendix  D,  tables  Dl  and  D2. 

A variety  of  neoplastic,  proliferative,  degenerative,  and 
inflammatory  lesions  occurred  in  a random  manner  among  mice  of 
the  control  and  lindane-treated  groups.  An  exception  was  the 
relatively  high  incidence  of  neoplastic  lesions  in  the  liver. 

Hepatocellular  carcinoma  and  neoplastic  nodules  of  the  liver,  as 
described  by  Squire  and  Levitt  (1975),  were  the  most  numerous 
lesions,  occurring  with  approximately  equal  frequency  among 
control  and  high-dose  mice.  Hepatocellular  carcinomas  occurred 
in  2/10  (20%)  control  males,  0/10  (0%)  control  females,  9/46 
(20%)  high-dose  males,  and  3/46  (7%)  high-dose  females.  These 
lesions  were  most  frequent  in  the  low-dose  males  (19/49  [39%]). 
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The  hepatocellular  carcinomas  were  quite  variable  in  morphology. 
Grossly,  the  lesions  were  large  single  masses  (1  to  2 cm.  in 
diameter),  or  multiple  discrete,  confluent  nodules  varying  in 
size  from  microscopic  to  several  millimeters  in  diameter.  The 
consistency  also  varied,  but  in  most  cases  the  tumors  were  soft, 
particularly  when  there  were  extensive  areas  of  necrosis.  They 
were  well  circumscribed  and  readily  distinguishable  from  the 
surrounding  normal  tissue.  The  major  lobes  were  most  frequently 
affected  with  lesions  within  the  parenchyma  or  bulging  just 
beneath  the  capsule.  Microscopically,  the  most  salient  features 
of  the  lesions  were  tinctorial  and  architectural.  These  features 
varied  not  only  from  tumor  to  tumor,  but  also  among  different 
areas  of  the  same  tumor.  It  was  not  uncommon  to  see  nodular 
structures  within  other  nodules.  The  cytoplasm  of  the  affected 
cells  was  most  commonly  basophilic.  The  arrangement  of  the  liver 
plates  was  either  nearly  normal  or  so  disorganized  as  to  destroy 
the  trabecular  pattern  completely.  Dilation  of  the  sinuses  also 
contributed  to  the  focal  or  diffuse  distortion  of  the  neoplastic 
tissue.  Because  of  these  changes  and  the  compression  of  the 
adjacent  parenchyma,  the  outline  of  the  lesion  was  usually  well 
defined.  The  cytology  was  more  or  less  that  of  well- 
differentiated  hepatocytes  with  some  variation  of  size  and  shape. 
Intracy toplasmic  eosinophilic  bodies  were  present  in  a large 
number  of  cells.  The  nuclei  were  smaller,  of  the  same  size,  or 
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larger  than  the  normal  ones.  Abnormal  mitoses  were  rare  and 
normal  mitoses  were  relatively  few.  Occasionally,  neoplastic 
changes  were  associated  with  degenerative  features  such  as  lipid 
deposition,  focal  or  massive  necrosis,  hemorrhage,  or  with 
inflammatory  changes.  Metastases  to  the  lung  (two  animals), 
diaphragm  (one  animal),  or  epididymis  (one  animal)  were  observed 
in  male  mice  only. 

The  nonneoplastic  lesions  were  degenerative  or  inflammatory  in 
nature.  The  distribution  of  these  nonneoplastic  lesions  among 
the  animals  of  the  different  groups  suggests  that  they  are  not 
attributable  to  the  chemical  tested;  rather,  they  are 
coincidental  lesions. 

In  the  judgment  of  the  pathologists,  there  was  insufficient 
evidence  to  conclude  that  carcinogenicity  in  B6C3F1  mice  was 
induced  by  the  administration  of  lindane  under  the  conditions  of 
this  bioassay. 

D.  Statistical  Analyses  of  Results  (Mice) 

Tables  FI  and  F2  in  Appendix  F contain  the  statistical  analyses 
of  the  incidences  of  those  specific  primary  tumors  that  were 
observed  in  at  least  5%  of  one  or  more  treated  groups  of  either 
sex. 
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In  male  mice,  although  the  Cochran-Armitage  test  result  for 


positive  dose-related  trend  in  proportions  for  hepatocellular 
carcinoma  is  not  significant  at  the  0.05  level,  the  departure 
from  linearity  has  a probability  level  of  0.002  using  the  pooled 
controls,  due  to  the  higher  incidence  in  the  low-dose  group  than 
in  the  high-dose  group.  The  Fisher  exact  test  shows  a signifi- 
cantly higher  proportion  (P  = 0.001)  of  this  tumor  in  the  low- 
dose  group  than  in  the  pooled  controls,  and  the  lower  and  upper 
limits  of  the  95%  confidence  interval  of  the  relative  risk  have 
values  greater  than  one.  The  incidence  of  hepatocellular 
carcinoma  in  female  mice  is  not  statistically  significant.  When 
hepatocellular  carcinoma  and  neoplastic  nodule  of  the  liver  in 
females  are  considered  together,  the  statistical  test  results  of 
the  combined  incidence  are  still  not  significant.  In  males, 
after  similar  grouping,  the  result  of  the  Cochran-Armitage  test 
of  proportions  remains  not  significant,  with  a probability  level 
of  0.011  for  the  departure  from  linearity,  due  to  a higher 
proportion  in  the  low-dose  group  than  in  the  high-dose  group. 
The  Fisher  exact  test  shows  that  the  combined  incidence  in  the 
low-dose  males  is  significantly  higher  than  that  in  the  pooled 
controls  (P  = 0.010).  The  incidence  in  the  high-dose  group  is 
not  significant,  and  this  conclusion  could  not  be  attributed  to 
low  survival,  since  the  survival  in  the  high-dose  group  was 
comparable  to  that  in  the  low-dose  group.  The  results  of  the 
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historical  controls  compiled  to  date  at  this  laboratory  indicate 
that  hepatocellular  carcinomas  and  neoplastic  nodules  of  the 
liver  occurred  in  75/360  (20.8%)  of  B6C3F1  male  mice.  Due  to 
this  high  spontaneous  incidence,  and  because  the  incidence  among 
high-dose  males  in  this  study  is  not  significant,  these  tumors 
cannot  be  related  conclusively  to  treatment. 

There  are  no  other  specific  incidences  of  tumors  in  mice  for 
which  the  statistical  tests  show  significance.  In  each  of  the 
95%  confidence  intervals  of  relative  risk,  shown  in  the  tables, 
the  value  of  one  is  included;  this  indicates  the  negative  aspects 
of  the  results.  It  should  also  be  noted  that  each  of  the 
intervals  has  an  upper  limit  greater  than  one,  indicating  the 

ii 

theoretical  possibility  of  the  induction  of  tumors  by  lindane, 
III 

which  could  not  be  detected  under  the  conditions  of  this  test. 
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V.  DISCUSSION 


Lindane  was  toxic  to  both  rats  and  mice,  as  shown  by  clinical 
signs  and  effects  on  weight  and/or  mortality.  During  the  first 
year  of  the  study,  the  treated  rats  were  generally  comparable  to 
the  controls  in  appearance  and  behavior.  Clinical  signs, 
including  rough  and  discolored  hair  coats,  pale  mucous  membranes, 
dermatitis,  and  vaginal  bleeding  were  noted  with  increasing 
frequency  in  the  treated  animals  during  the  second  year  of  the 
study . 

Mean  body  weight  gains  in  rats  were  not  adversely  affected  by 
lindane;  however,  individual  treated  animals  lost  weight  at 
various  times  during  the  study.  Survival  of  the  treated  rats  was 
not  statistically  different  from  that  of  the  matched  controls; 
however,  there  were  several  early  deaths  among  the  controls. 
Survival  to  termination  of  the  study  was  from  48%  to  64%  for  each 
of  the  treated  groups. 

In  mice,  the  mean  body  weights  were  unaffected  by  treatment,  with 
the  exception  of  the  low-dose  females.  During  the  second  year, 
the  female  mice  were  excitable;  among  the  males,  increased 
fighting,  rough  hair  coats,  alopecia,  and  abdominal  distention 
were  noted.  Treated  mice  were  generally  in  poor  physical 
condition  during  the  last  6 months  on  study;  however,  treatment 


33 


did  not  affect  survival,  and  there  were  adequate  numbers  of 
treated  animals  for  meaningful  statistical  analyses  of  the 
incidence  of  tumors. 

In  rats,  a variety  of  neoplastic  lesions  occurred  in  a random 
manner  among  both  control  and  treated  animals,  but  the  incidences 
in  the  treated  groups  were  not  significantly  different  from  those 
in  either  the  matched-  or  pooled-control  groups. 

In  mice,  a relatively  high  incidence  of  neoplastic  lesions  in  the 
liver  was  observed  in  both  control  and  treated  animals.  Hepato- 
cellular carcinomas  in  the  males  occurred  in  2/10  matched 
controls,  5/49  pooled  controls,  19/49  low-dose,  and  9/46 

high-dose  mice.  The  incidence  in  the  low-dose  males  was 
IS 

At 

significantly  higher  than  that  in  the  pooled  controls  (P  = 
0.001).  However,  neither  the  incidence  in  the  high-dose  males 
nor  the  dose-related  trend  was  significant,  and  the  significance 

of  the  findings  was  not  increased  when  hepatocellular  carcinomas 

jj 

• hi 

were  combined  with  neoplastic  nodules.  No  hepatic  hyperplasia  was 
observed  in  treated  mice  of  either  sex.  In  control  animals, 
hepatocellular  carcinomas  and  neoplastic  nodules  occurred  in  23% 
of  all  B6C3F1  male  mice  on  study  at  the  laboratory.  Thus,  the 
incidence  of  hepatocellular  carcinoma  in  male  mice  cannot  clearly 
be  related  to  treatment.  The  incidence  of  hepatocellular 
carcinoma  among  female  mice  was  not  significant. 
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The  chronic  toxicity  of  lindane  has  been  studied  previously. 
Fitzhugh  et  al.  (1950)  fed  lindane  to  groups  of  Wistar  rats  at 
doses  of  5 to  1,600  ppm  for  their  life  spans.  At  doses  > 100 
ppm,  the  chemical  produced  low  incidences  of  liver  enlargement 
and  small  foci  of  necrosis,  as  seen  by  gross  examination,  and 
hepatic-cell  enlargement,  hepatic-cell  atrophy,  fatty  degener- 
ation, and  focal  necrosis,  as  seen  by  microscopic  examination. 
The  mortality  was  high  in  this  study,  and  the  mean  age  at  death 
for  rats  fed  100  ppm  was  64  weeks. 

Thorpe  and  Walker  (1973)  fed  400  ppm  lindane  (purity  > 99.5%)  to 
groups  of  30  male  and  30  female  CFl  mice  for  2 years.  Among 
males,  hyperplastic  nodules  of  the  liver  occurred  in  38%  of  the 
treated  animals  and  in  20%  of  the  controls,  while  hepatic 
neoplasms  (types  not  delineated)  occurred  in  55%  of  the  treated 
animals  and  in  only  4%  of  the  controls.  Among  females,  hyper- 
plastic nodules  of  the  liver  occurred  in  34%  of  the  treated 
animals  and  in  23%  of  the  controls,  while  hepatic  neoplasms 
(types  not  delineated)  occurred  in  34%  of  the  treated  animals  and 
in  none  of  the  controls.  Mortality  was  high  in  both  sexes  of 
treated  animals,  and  the  calculations  were  based  on  the  incidence 
of  tumors  subsequent  to  appearance  of  the  first  liver  tumor  in 
the  group  being  analyzed.  The  concentration  of  lindane  used  in 
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this  study  was  2-1/2  times  the  high  dose  fed  to  the  mice  in  the 
present  bioassay. 

Herbst  et  al.  (1975)  fed  NMRI  mice  diets  containing  12.5,  25,  and 
50  ppm  lindane  for  80  weeks.  No  tumor-inducing  effect  was 
observed  in  the  livers  of  these  animals.  The  highest  dose  used 
in  the  Herbst  study  was  less  than  the  low  dose  used  in  the 
present  bioassay. 

It  is  concluded  that  under  the  conditions  of  this  bioassay, 
lindane  was  not  carcinogenic  for  Osborne-Mendel  rats  or  B6C3F1 
mice. 
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APPENDIX  A 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS 
IN  RATS  FED  LINDANE  IN  THE  DIET 
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TABLE  A1. 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS 
FED  LINDANE  IN  THE  DIET 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS 

INITIALLY  IN  STUDY 

10 

50 

50 

ANIMALS 

NECfiCPSIED 

10 

48 

49 

ANIMALS 

EXAMINED  HISTOPATHOLOGIC ALLY 

10 

47 

46 

INTEGUMENTARY  SYSTEM 


♦ SKIS  (10) 

PAPILLOMA,  NOS 

FIBROUS  HISTIOCYTOMA,  MALIGNANT 


(48) 

1 (2%) 


(49) 

1 (2X) 


♦SUBCUT  TISSUE 
FIEBCMA 


(10)  (48) 

1 (2X) 


(49) 

3 <6X) 


RESPIRATORY  SYSTEM 
NONE 


HEMATCECIETIC  SYSTEM 

♦ SPLEEN  (8)  (44)  (44) 

HEMANGIOMA  3 (7X) 


CIRCULATORY  SYSTEM 
NONE 


DIGESTIVE  SYSTEM 


♦SALIVARY  GLAND 

(8) 

(39) 

(44) 

SARCOMA,  NOS 

1 (3X) 

♦LIVER 

(10) 

(45) 

(45) 

NEOPLASTIC  NODULE 

3 (7  X) 

2 

URINARY  SYSTEM 

♦KIDNEY  (10)  (46)  (46) 

TUEUI  AR-CELL  ADENOMA 1 12%) 

i NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 
♦ NUMEER  OF  ANIMALS  NECROPSIEC 
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TABLE  A1.  MALE  RATS:  NEOPLASMS  (CONTINUED) 


CONTROL 

LOW  DOSE 

HIGH 

DOSE 

MIXEE  TUMOR,  MALIGNANT 

1 

(2%) 

t HAMARTCMA 

1 (2X) 

ENDOCRINE  SYSTEM 

♦PITUITARY 

(10) 

(32) 

(35) 

CARCINOMA, NOS 

1 (3%) 

ADENCMA,  NOS 

2 

(6%) 

CHROMOPHOBE  ADENOMA 

3 (9  %) 

1 

(3%) 

♦ADRENAL 

(10) 

(37) 

(38) 

CORTICAL  ALENOMA 

1 

(3%) 

♦THYBOIE 

(6) 

(37) 

(37) 

FOLIICULAR-CELL  ADENOMA 

1 (17%) 

5 (14%) 

FCHICULAR-CELL  CARCINOMA 

1 (3%) 

4 

(11%) 

C-CIIL  ADENOMA 

1 (17%) 

3 (8  %) 

1 

(3%) 

♦PARATHYROID 

(3) 

(23) 

(28) 

ADENCMA,  NOS 

1 (4%) 

♦EANCREATIC  ISLETS 

(9) 

(41) 

(39) 

ISLET-CELL  ADENOMA 

2 (22%) 

1 (2%) 

1 

(3%) 

REFRCCCCTIVE  SYSTEM 

♦MAMMARY  GLAND 

(10) 

(48) 

(49) 

CARCINOMA, NOS 

1 (2  X) 

ADENCMA,  NOS 

2 

(4%) 

NERVOUS  SYSTEM 

NONE 

SPECIAI  SENSE  ORGANS 

NONE 

MUSCULOSKELETAL  SYSTEM 

MiLE_ 

# NUMBER  OF  ANIMALS  HUB  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMEER  OF  ANIMALS  NECROFSIEE 

^ This  is  considered  to  be  a benign  form  of  the  malignant  mixed  tumor 
of  the  kidney  and  consists  of  lipocytes,  tubular  structures,  and 
fibroblasts  in  varying  proportions. 
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TABLE  A1.  MALE  RATS:  NEOPLASMS  (CONTINUED) 


CONTROL  LOW  DOSE  HIGH  DOSE 


BODY  CAVITIES 

♦PLEURA  (10)  (48)  (49) 

MESCTHELICB  A,  NOS  1 (2X) 

ALL  CTHEB  SYSTEMS 
NONE 


ANIMAL  DISPOSITION  SUEMABY 


ANIMALS  INITIALLY  IN  STUDY 

10 

50 

50 

NATUBAL  DEATHS 

14 

13 

MORIEUND  SACRIFICE 
SCHEDULED  SACRIFICE 

4 

11 

13 

ACCIDENTALLY  KILLED 
TERMINAL  SACRIFICE 

6 

25 

24 

ANIMAL  MISSING 

d INCLUDES  AUTCLYZED  ANIMALS 


TUBOR  SUBBABY 


TOTAL  ANIMALS  WITH  ERIMAfi  Y TUMORS*  3 

TOTAL  PRIMARY  TUMORS  4 


19  17 

24  23 


TOTAL  ANIMALS  WITH  EENIGN  TUMCRS 
TOTAL  BENIGN  TUMORS 


3 

4 


13 

15 


13 

16 


TOTAL  ANIMALS  WITH  MALIGNANT  TUMORS 
TCTAI  MALIGNANT  TUMORS 


5 4 

5 5 


TOTAL  ANIMALS  WITH  SECONDARY  TUMORS# 
TOTAL  SECONDARY  TUMCRS 


TOTAL  ANIMALS  WITH  TUBGES  UNCERTAIN- 
BENIGN  OR  MALIGNANT 

TOTAL  UNCERTAIN  TUMORS 


4 

4 


2 

2 


TOTAL  ANIMALS  WITH  TUMORS  UNCERTAIN- 
PRIHABY  OB  METASTATIC 
TOTAL  UNCERTAIN  TUMORS 


* PRIMARY  TUMORS:  ALL  TOMORS  EXCEPT  SECONDARY  TUMORS 

# SECONDARY  TUMORS:  METASTATIC  TUMORS  OH  TUMORS  INVASIVE  INTO  AN  ADJACENT  ORGAN 
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TABLE  A2. 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  RATS 
FED  LINDANE  IN  THE  DIET 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS  INITIALLY  IN  STUDY 

10 

50 

50 

ANIMALS  NECBOPSIED 

10 

50 

50 

ANIMALS  EXAMINED  HISTCP ATHOLOGICALLY 

10 

49 

49 

INTEGUMENTARY  SYSTEM 

♦SUBCCT  TISSUE 

(10) 

(50) 

(50) 

SABCCMA,  NOS 

1 (10X) 

1 (2*) 

FIBRCMA 

1 (2  X) 

LIECMA 

1 (2*) 

RESPIEA1CBY  SYSTEM 

♦ LUNG 

(10) 

(48) 

(47) 

SARCCMA,  NOS,  METASTATIC 

1 (2%) 

HEM ATOEC I ETIC  SYSTEM 

NCNE 

CIBCULATCEY  SYSTEM 

NONE 

DIGESTIVE  SYSTEM 

♦LIVER 

(10) 

(“8) 

(45) 

BILE  DUCT  ADENOMA 

1 (2%) 

NEOPIASTIC  NODULE 

4 (8  X) 

2 (4X) 

♦BILE  DUCT 

(10) 

(50) 

(50) 

BILE  DUCT  ADENOMA 

2 (4  X) 

HAHAETCHA 

1 (2  X) 

♦STCHACB 

(9) 

(48) 

(47) 

LEICHYOHA 

1 (2X) 

UBINABY  SYSTEM 

-JOl 

# NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMEEB  OF  ANIMALS  NECBOPSIED 
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TABLE  A2.  FEMALE  RATS:  NEOPLASMS  (CONTINUED) 


CONTROL  LOW  DOSE  HIGH  DOSE 


ENDOCRINE  SYSTEM 


♦PITUITARY 

(7) 

(45) 

(41) 

CARCINOMA, NOS 
ADENCMA,  NCS 

1 

(2%) 

2 

(5%) 

CHRCMOPHGEE  ADENOMA 

3 

(43%) 

14 

(31%) 

8 

(20%) 

♦ADRENAL 

(9) 

(42) 

(44) 

CORTICAL  ADENOMA 

3 

(7%) 

2 

(5%) 

♦THYBCIE 

(8) 

(44) 

(42) 

FOLLICULAR-CELL  AEENCMA 

1 

(2%) 

1 

(2%) 

FCLLICULAR-CELL  CARCINOMA 

1 

(2%) 

C-CEIL  ADENCMA 

4 

(9%) 

3 

(7%) 

♦PANCREATIC  ISLETS 

(10) 

(48) 

(47) 

ISLET-CELL  ADENOMA 

2 

(4%) 

REPRCELCTIVE  SYSTEM 

♦MAMMARY  GLANE 

(10) 

(50) 

(50) 

CARCINOMA, NCS 

1 

(10%) 

1 

(2%) 

AEENCMA,  NCS 
ADENCCARCINOMA,  NOS 

1 

(10%) 

3 

(6%) 

1 

(2%) 

FIERCMA 

2 

(4%) 

1 

(2%) 

FIBRC ADENCMA 

3 

(30%) 

12 

(24%) 

9 

(18%) 

♦UTERUS 

(9) 

(47) 

(44) 

ADENCCARCINOMA,  NOS 
LEIOMYOSARCOMA 

1 

(2%) 

1 

(2%) 

ENECMETRIAL  STROMAL  PCLYP 

, 1 

(11X) 

6 

(13%) 

7 

(16%) 

♦UTEHUS/ENDCMETRIUM 

(9) 

(47) 

(44) 

CARCINOMA, NOS 

1 

(2%) 

♦OVARY 

(8) 

(46) 

(44) 

SERTCLI-CELL  TUMOR 

1 

(2%) 

NERVOUS  SYSTEM 

♦BRAIN 

(9) 

(49) 

(49) 

OLIGCEEN DEO GLIOMA 

1 

(2%) 

SPECIAL  SENSE  ORGANS 

_!£M 


# NUMBER  OF  ANIMALS 

* NUMEEE  OF  ANIMALS 


HUH  TISSUE  EXAMINED  MICROSCOPICALLY 
NECROPSIEE 
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TABLE  A2.  FEMALE  RATS:  NEOPLASMS  (CONTINUED) 


CONTROL 


LOW  DOSE  HIGH  DOSE 


MUSCUICSKELET AL  SYSTEM 
NONE 


BODY  CAVITIES 

♦AEDCMINAL  CAVITY  (10)  (50)  (50) 

LIPOMA  1 (2%) 


ALL  CIEIE  SYSTEMS 

*MU LTIFLE  ORGANS  (10)  (50)  (50) 

SABCCMA,  NOS  1 (2%) 

FIBRCUS  HISTIOCYTOMA,  MALIGNANT  1 (2%) 

SITE  UNKNC8N 

CABCINOHA, NOS  1 


ANIMAL  EISECSITION  SUMMARY 


ANIMALS  INITIALLY  IN  STUDY 

10 

50 

50 

NATURAL  DEATHS 

2 

4 

MORIEUND  SACRIFICE 
SCHEDULED  SACRIFICE 
ACCIDENTALLY  KILLED 

6 

16 

16 

TERMINAL  SACRIFICE 
ANIMAL  MISSING 

4 

32 

30 

* 

* 


NUMBER  CF  ANIMALS 
NUMEER  OF  ANIMALS 


WITH  TISSUE  EXAMINED 
NECROPSIEC 


MICROSCOPICALLY 
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TABLE  A2.  FEMALE  RATS:  NEOPLASMS  (CONTINUED) 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

TUMOR  SUMMARY 

TOTAL  ANIMALS  BITH  ERIMARY  TUMORS* 

9 

40 

31 

TOTAL  PRIMARY  TUMCRS 

10 

65 

42 

TOTAL  ANIMALS  WITH  EENIGN  TUMCRS 

6 

37 

29 

TOTAL  BENIGN  TUMORS 

7 

54 

36 

TOTAL  ANIMALS  BITH  MALIGNANT  TUMORS 

3 

6 

4 

TOTAL  MALIGNANT  TUMCRS 

3 

7 

4 

TOTAL  ANIMALS  BITH  SECONDARY  TUMORS# 

1 

TOTAL  SECONDARY  TUMORS 

1 

TOTAL  ANIMALS  WITH  TUMCRS  UNCERTAIN- 
BENIGN  OR  MALIGNANT 

4 

2 

TOTAL  UNCERTAIN  TUMORS 

4 

2 

TOTAL  ANIMALS  WITH  ID  MOBS  UNCERTAIN- 
ERIMAEY  OR  METASTATIC 
TOTAL  UNCERTAIN  TUMCRS 


* PRIMARY  TUMORS:  ALL  TUMORS  EXCEPT  SECONDARY  TUMORS 

# SECCNEARY  TUMORS-:  METASTATIC  TUMORS  OR  TUMORS  INVASIVE  INTO  AN  ADJACENT  ORGAN 
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APPENDIX  B 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS 
IN  MICE  FED  LINDANE  IN  THE  DIET 
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ft  Cftivs 


i 

i 

i 

i 
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i 

i 

i 

i 

I 

i 

i 
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TABLE  B1 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  MICE 
FED  LINDANE  IN  THE  DIET 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS 

INITIALLY  IN  STUDY 

10 

50 

50 

ANIMALS 

NECFCESIED 

10 

50 

47 

ANIMALS 

EXAMINED  HISTCPATHOLOGICALLY 

10 

50 

47 

INTEGUMENTAfi Y SYSTEM 


♦ SKIN 

FIBEOUS  HISTICCYTCM A 

(10) 

(50) 

(47) 

1 

(2X) 

♦SUBCUT  TISSUE 
HEM ANGICMA 

(10) 

(50) 

(47) 

1 

(2  X ) 

BESPIBATCBY  SYSTEM 

♦ LUNG 

HEPATOCELLULAB  CABCINOMA,  METAST 
AIV  ECLAB/BBCNCHIOLAB  ADENOMA 

(10) 

2 (2  OX) 

(50) 

2 (4%) 
2 (4  X) 

(47) 

3 

(6X) 

HEM ATCEC IETIC  SYSTEM 

♦MULTIfLE  CBGANS 

MALIGNANT  LYMPHCMA,  NOS 

(10) 

(50) 

(47) 

1 

(2  X) 

CIBCUL ATCBY  S X STEM 
NONE 


DIGESTIVE  SYSTEM 


♦LIVES 

(10) 

(49) 

(46) 

NEOPLASTIC  NODULE 

1 (10X) 

1 

( 2 X ) 

HEPATOCELLULAB  CABCINCHA 

2 (20X) 

19  (39X) 

9 

(20X) 

UBINAF Y SYSTEM 


Jill. 


* 

* 


NUMBEF  OF 
NUMEEB  OF 


ANIMALS  B IT  H TISSUE 
ANIMALS  NECBOPSIEE 


EXAMINED 


MICBOSCOPICALLY 
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TABLE  B1.  MALE  MICE:  NEOPLASMS  (CONTINUED) 


CONTROL  LOW  DOSE  HIGH  DOSE 


ENCCCEINE  SYSTEM 
NCNE 


(50)  (47) 

1 (2*) 

NEBVOUS  SYSTEM 
NCNE 

SPECIAL  SENSE  CBGANS 
NCNE 


BEEECECCTI VE  SYSTEM 

♦EPIEIEYMIS  (10) 

HEEATOCELLULAB  CARCINCHA,  METAST 


MUSCULCSKELETAL  SYSTEM 
NONE 

BOEY  CAVITIES 
NCNE 

ALL  CTHEE  SYSTEMS 
DI APHfiAGM 

HEEATCCELLOLAB  CABCINCMA,  METAST  1 


ANIMAL  t ISECSITION  SUMMARY 


ANIMALS  INITIALLY  IN  STUDY  10  50 

NATUEAL  EEATHi  1 

MOEIEUNE  SACBIFIC  E 1 5 

SCHIEULED  SACBIFICE 
ACCIEENTALLY  KILLED 

TEEMINAL  SACRIFICE  9 44 

ANIMAL  MISSING 


i_INCii)Xi5_2iJiCiiZ£^_MIJLai£ 

# NUMEEF  OP  ANIMALS  WITH  TISSUE  EXAMINEE  MICROSCOPICALLY 

* NUMEEB  OF  ANIMALS  NECBCPSIEE 


50 


4 

2 


44 
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TABLE  B1.  MALE  MICE:  NEOPLASMS  (CONTINUED) 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

TUMOR  SUMMARY 


TOTAL  ANIMALS  WITH  PRIMARY  TUMORS* 
TOTAL  PRIMARY  TUBCBS 

TOTAL  ANIMALS  WITH  EE  NIGN  TUBCBS 
TOTAL  BENIGN  TUMOBS 

TOTAL  A NI HALS  WITH  MALIGNANT  TUMOBS 
TOTAL  MALIGNANT  TUBCBS 

TOTAL  ANIBALS  WITH  SECCNDABY  TUMOBS# 
TOTAL  SECCNDABY  TUMOBS 


4 21  15 

5 21  16 


2 2 5 

2 2 5 

2 19  10 

2 19  10 

3 

4 


TOTAL  ANIBALS  WITH  TUMOBS  UNCERTAIN- 
BENLGN  OB  MALIGNANT 

TOTAL  UNCEBTAIN  TUBCBS 


1 


1 


TOTAL  ANIMALS  WITH  TUMOBS  UNCERTAIN- 
PRIMARI  OB  METASTATIC 
•TCTAL  UNCEBTAIN  TUMOBS 


* PBIMABY  TUMOBS:  ALL  TUMCRS  EXCEPT  SECONDARY  TUMORS 

# SECCNCARY  TUMOBS:  METASTATIC  TUMORS  OR  TUMORS  INVASIVE  INTO  AN  ADJACENT  CBGAN 
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TABLE  B2 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  MICE 
FED  LINDANE  IN  THE  DIET 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIBALS  INITIALLY  IN  STUDY 

10 

50 

50 

ANIBALS  NEC  EOPSIEC 

10 

49 

49 

ANIMALS  EXABINED  HISTOP ATHOLOGICALLY 

10 

49 

49 

INTEGUBENTA6Y  SYSTEM 

NCNE 

RESPI E A 1C  f Y SYSTEM 

«LUNG 

(10) 

(48) 

(48) 

ALVECLAB/ERONCfclOLAR  AD  E NC  BA 
ALVECLAR/BRCNCHIOLAB  CARCINCBA 

1 ( 1 OX) 

1 (2%) 

2 (4X) 

OSTECSABCCMA,  BETASTATIC 

1 <2X) 

HEBATCICIETIC  SYSTEM 

#SEL£EN 

(8) 

(49) 

(48) 

FIE  ROUS  HISTIOCYTOMA 

1 (13%) 

CIRCU I A1CEY  SYSTEM 


DIGESTIVE  SYSTEB 
#11 V EB 

(10) 

(47) 

(46) 

NEOPLASTIC  NODULE 
HEPATOCELLULAR  CARCINOMA 

1 (1  OX) 

2 (4  X) 
2 (4  X) 

3 

(7X) 

iCECUB 

SARCOMA,  NCS 

(1) 

1 

(100X) 

URINARY  SYSTEM 


# NUMBER  CF 

* NUMEEE  OF 


ANIMALS  HUB  TISSUE  EXAMINED 
ANIMALS  N ECHOES IEE 


BICROSCOPICALLY 
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TABLE  B2.  FEMALE  MICE:  NEOPLASMS  (CONTINUED) 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

END CC BIKE  SYSTEM 

# ADBEN  A L 

CORTICAL  CARCINOMA 

(7) 

(46) 

1 (2X) 

(44) 

iTRYBCIE 

FOLLICULAR-CELL  ACENOMA 

(7) 

(43) 

(41) 

2 (5X) 

REPBCEUCTIVI  SYSTEM 

♦MAMMAE Y GLAND 
ADENCHA,  NOS 

(10) 

1 (10*) 

(49) 

(49) 

♦UTERUS 

SARCCMA,  NOS 

(7) 

(44) 

(43) 

1 (2*) 

NERiOUS  SYSTEM 
NCNE 

SPECIAL  SENSE  C EGANS 
NCNE 

MUSCULOSKELETAL  SYSTEM 

♦SACRUM  (10)  (49)  (49) 

OSIECS  AECCBA  1 (2*) 

BODY  CAYITIES 
NCNE 


ALL  OTEEB  SYSTEMS 

— JUi 

* NUMEEfi  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPIC ALLY 

* NUBEEfi  OF  ANIMALS  NECBOPSIEC 
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TABLE  B2.  FEMALE  MICE:  NEOPLASMS  (CONTINUED) 


CONTROL  LOW  DOSE  HIGH  DOSE 


ANIHAL  DISPOSITION  SUMMARY 


ANIMALS  INITIALLY  IN  STUDY 
NAICRAL  DEATHS 
MOBIEOND  SACRIFICE 
SCHEDULED  SACRIFICE 
ACCICENTALIY  KILLED 
TERMINAL  SACRIFICE 
ANIMAL  MISSING 


10  50  50 

1 2 2 

1 3 


8 


45 


48 


8 INCLUDES  AUTOLYZED  ANIMALS 


TUMOR  SCBMARY 

8 

9 


TCTAL  ANIMALS  WITH  PRIMARY  TUEORS* 
TOTAL  PRIMARY  TUMCRS 


TOTAL  ANIMALS  WITH  EENIGN  TUMCRS 
TCTAL  BENIGN  TUMORS 


2 

2 


4 

4 


TOTAL  ANIMALS  WITH  MALIGNANT  TUMORS 
TCTAL  MALIGNANT  TUMORS 


4 5 

4 5 


TOTAL  ANIMALS  WITH  SECONDARY  TUMORS# 
TOTAL  SECONDARY  TUMCRS 


1 


1 


TOTAL  ANIMALS  WITH  TUMORS  UNCERTAIN- 
BENIGN  OB  MALIGNANT 

TOTAL  UNCERTAIN  TUMORS 


2 

2 


TOTAL  ANIMALS  WITH  TUMORS  UNCERTAIN- 
PRIMARY  OB  METASTATIC 
TOTAL  UNCERTAIN  TUMCRS 


* PRIMARY  TUMORS:  ALL  TUMORS  EXCEPT  SECONDARY  TUMORS 

t SECCNEARY  TUMORS:  METASTATIC  TUMORS  OR  TUMORS  INVASIVE  INTO  AN  ADJACENT  CRGAN 


APPENDIX  C 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS 
IN  RATS  FED  LINDANE  IN  THE  DIET 
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TABLE  Cl. 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  RATS 

FED  LINDANE  IN  THE  DIET 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS  3 NITI ALLY  IN  STUDY 

10 

50 

50 

ANIMALS  EECFOFSIED 

10 

48 

49 

ANIMALS  EXAMINED  HISTOPATHOLOGIC ALLY 

10 

47 

46 

INTEGUMENTABY  SYSTEM 

♦ SKIN 

(10) 

(48) 

(49) 

HYPEBKEBATCSIS 

1 (10%) 

AC A NT  EOS  IS 

1 (10%) 

BESPIEATCFY  SYSTEM 

*LUNG 

(9) 

(46) 

(46) 

ATELECTASIS 

1 (2%) 

PNEUMONIA,  CHBONIC  HUBINE 
NEC  ECSIS,  FOCAL 

1 (2%) 

1 (2%) 

HEMATOECI ETIC  SYSTEM 

#SPLEEN 

(8) 

(44) 

(44) 

HEMCBEHAGE 

2 (5%) 

INFLAMMATION,  GBA NU ICMATO U S 

1 (2%) 

SCLEFOSIS 

1 (2%) 

1 (2%) 

HEMATOPOIESIS 
HYPCELASIA,  LYMPHOID 

1 (2%) 

1 (2%) 

#KESENTEfiIC  L.  NODE 

(10) 

(31) 

(34) 

INFLAMMATION,  NOS 

1 (10%) 

CIBCULATCB Y SYSTEM 

#MYOCABIIUM 

(9) 

(46) 

(46) 

INFLAMMATION,  CHBONIC  FOCAL 

1 (11%) 

tEKDCCABDIUM 

(9) 

(46) 

(46) 

SCLEFOSIS 

1_J ill 

1 (2%) 

# NUHBEB  OF  ANIMALS  NIIH  TISSUE  EXAMINED  MICBCSCOPIC ALLY 

* NUHEEE  OF  ANIMALS  NECBOPSIEC 
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TABLE  Cl.  MALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

DIGESTIVE  SYSTEM 

#LI V EB 

(10) 

(45) 

(45) 

CIRRHOSIS,  NOS 

1 

( 2 * ) 

DEGENEBATIGN,  BALLOONING 

1 

(2*) 

NEC  ECSIS,  EOCAL 

1 

(2*) 

METAMORPHOSIS  FATTY 

3 

(7*) 

5 

(11*) 

FOCAI  CELLULAR  CHANGE 

1 

(10*) 

1 

(2*) 

1 

(2*) 

ANGIECTASIS 

1 

(2*) 

2 

(4*) 

♦BILE  DUCT 

(10) 

(48) 

(49) 

DILATATION,  NOS 

1 

(2*) 

INFLAMMATION,  CHBCNIC 

1 

(2*) 

INFLAMMATION,  CHBCNIC  FOCAL 

1 

(10*) 

2 

(4*) 

HYEEFPLASIA,  NOS 

2 

(20X) 

3 

(6*) 

HYPEBPLASIA,  FOCAL 

2 

(4*) 

f EANCBEAS 

(9) 

(41) 

(39) 

INFLAMMATION,  CEBONIC 

1 

(11*) 

♦STOMACH 

(9) 

(43) 

(38) 

EBOSICN 

1 

(11*) 

1 

( 3 * ) 

CALCIFICATION,  DYSTBOPHIC 

1 

(3*) 

♦GASTBIC  MUCOSA 

(9) 

(43) 

(38) 

CALCIFICATION,  DYSTBOPHIC 

1 

(2*) 

UBINABY  SYSTEM 

♦KIDNEY 

INFLAMMATION, 

INFLAMMATION, 

PYELCNEPHBITI 

DIFFUSE 
CHRONIC 
S,  CHRONIC 

(10) 

5 

(50*) 

(46) 

1 (2*) 
22  (48*) 
1 (2*) 

(46) 

28 

(61*) 

♦RENAL  EAPILLA 
CALCIUM  DEPOS 

IT 

(10) 

(46) 

(46) 

1 

(2*) 

♦UBINABY  BLADDER 
INFLAMMATION, 

ACUTE 

(9) 

1 

(11*) 

(34) 

(37) 

♦UBETHE A 

INFLAMMATION, 

SUPEUBATIVE 

(10) 

1 

(10*) 

(48) 

(49) 

ENDOCRINE  SYSTEM 

♦PITUITABY 

aSli.BQS 

(10) 

2 

HQ.ii 

(32) 

2-1M  i 

(35) 

4 

inn 

* HOHBEB  OP  ANIMALS  WITH  TISSUE  EXAMINED  MICBOSCOPICALL Y 

* NOMEEB  OP  ANIMALS  NECBOPSIED 
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TABLE  Cl.  MALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

DEGENERATION,  CYSTIC 

1 (3*) 

1 

(3  X) 

ANGIECTASIS 

1 

( 3 * ) 

# ADRENAL  MEDULLA 

(10) 

(37) 

(38) 

HYPERPLASIA,  NOS 

1 

(3  X) 

♦THYROID 

(6) 

(37) 

(37) 

HYPEEPL ASIA , C-CELL 

3 (8%) 

1 

( 3 X ) 

HYPEBPLASIA,  FOL LIC UL AR -C ELL 

1 (17*) 

4 (11*) 

3 

(8X> 

♦PARATHYROID 

(3) 

(23) 

(28) 

H YPEEPLASIA,  NOS 

1 (4  X) 

2 

(7  * ) 

EEPROCUCTI VE  SYSTEM 

♦PROSTATE 

(9) 

(38) 

(37) 

INFLAMMATION,  SUPPURATIVE 

1 (1 1*) 

INFLAMMATION,  ACUTE 

3 

(8  X) 

INFLAMMATION,  CHECNIC 

1 (3X) 

♦TESTIS 

(10) 

(43) 

(44) 

PEEIARTEBITIS 

1 (2X) 

1 

( 2 X ) 

ATROPHY,  NOS 

4 (40*) 

1 (2  X) 

8 

(1  8 * ) 

ATBOPHY,  FCCAL 

1 (2  X) 

ATROPHY,  DIFFUSE 

1 <2  X) 

♦TESTIS/TUBULE 

(10) 

(43) 

(44) 

DEGENERATION,  NOS 

1 <2  X) 

NEEVOCS  SYSTEM 
NONE 


SPECIAL  SENSE  ORGANS 
NONE 


HU  SC ULC SKELETAL  SYSTEM 
NCNE 


BCCY  CAVITIES 

♦MESENTERY  (10)  (48)  (49) 

££BUBTiEI213 2 16%1 4_I8XI 

* NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  HICBOSCOPIC ALL Y 

* NUMEEfi  OF  ANIMALS  NECEOPSIED 
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TABLE  Cl.  MALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

ALL  CTREE  SYSTEMS 
NONE 

SPECIAL  EC  E P HCLCG 1 SUMMARY 


NO  L E SIC  N REPORTEE  1 

10 

6 

AUTC/NECRCPSY/HISTO  PEBF 

4 

2 

AUTC/NECRCESY/NO  HISTO 

1 

3 

AUTCLYSIS/NO  NECRCPSY 

2 

1 

* 

* 


NUMBER  CF  ANIMALS 
NOHEEE  OF  ANIMALS 


WITH  TISSUE  EXAMINED 
NECEGPS IEE 


MICROSCOPICALLY 
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TABLE  C2. 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  RATS 

FED  LINDANE  IN  THE  DIET 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS  INITIALLY  IN  STUCY 

10 

50 

50 

ANIMALS  NECEOESIEE 

10 

50 

50 

ANIMALS  EXAMINED  HISTCFATHOLOGICALLY 

10 

49 

49 

INTEGUMENTARY  SYSTEM 

* SKI  N 

(10) 

(50) 

(50) 

GRANULOMA,  NOS 

1 (2*) 

RESFIFATCRY  SYSTEM 

♦ LUNG 

(10) 

(48) 

(47) 

INFLAMMATION,  NOS 

1 (2*) 

INFLAMMATION,  FOCAL 

1 (2*) 

ABSCISS,  NOS 

1 (2%) 

INFLAMMATION,  CHRCNIC 

2 (4  *) 

HEMATOECIETIC  SYSTEM 

♦ABDOMINAL  LYMPH  NODE 

(9) 

(37) 

(39) 

INFLAMMATION,  CBRCNIC 

1 (3X) 

♦MESENTERIC  L.  NODE 

(9) 

(37) 

(39) 

INFLAMMATION,  NOS 

1 (11*) 

CIRCULATORY  SYSTEM 

NONE 

DIGESTIVE  SYSTEM 

♦SALIVARY  GLAND 

(9) 

(45) 

(43) 

DEGENERATION,  CYSTIC 

1 (2*) 

♦LIVER 

(10) 

(48) 

(45) 

iiui 



2 .(431 

# NUMBER  OF  ANIMALS  HUH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUHEER  OF  ANIMALS  NECRCPSIED 


TABLE  C2.  FEMALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

EASCEHILIC  C Y 10  CHANGE 

2 (4%) 

FOCAI  CELLULAR  CHANGE 

5 (10%) 

4 (9%) 

ANGIECTASIS 

5 (10%) 

2 (4%) 

* BILE  DUCT 

(10) 

(50) 

(50) 

INFLAMMATION,  NOS 

1 (2%) 

HYEEEELASIA,  NOS 

1 (2%) 

•ESOPHAGUS 

(1) 

(15) 

(12) 

HYPERKERATOSIS 

1 (7%) 

1 (8%) 

UEINARY  SYS1EM 

•KIDNEY 

(10) 

(46) 

(4  8) 

CYST,  NOS 

1 (2%) 

INFLAMMATION,  CHRONIC 

3 (7%) 

5 (10%) 

•KIDNEY/EELVIS 

(10) 

(46) 

(48) 

MET  APLASIA , NOS 

1 (2%) 

ENCOCRINF  SYSTEM 

•PITUITARY 

(7) 

(45) 

(41) 

CYS1,  NOS 

1 (2%) 

•ADRENAL 

(9) 

(42) 

(44) 

HEMORRHAGE 

3 (7%) 

DEGENERATION,  CYSTIC 

1 (2%) 

2 (5%) 

ANGIECTASIS 

2 (2  2%) 

3 (7%) 

•ADRENAL  MEDULLA 

(9) 

(42) 

(44) 

HYPEEPLASIA,  NOS 

1 (11*) 

•THYROID 

(8) 

(44) 

(42) 

HYPERPLASIA,  C-CELL 
HYPERPLASIA,  FOLLIC UL AR -CELL 

1 (13*) 

2 (5%) 

3 (7%) 

REEBOECCT IVE  SYSTEM 

* H AH  BA  E Y GLAND 

(10) 

(50) 

(50) 

HYPERPLASIA,  NOS 

1 (10%) 

ADENOSIS 

1 (10%) 

•UTERUS 

(9) 

(47) 

(44) 

♦ NUMBER  OP  ANIMALS  HUH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMEEfi  OF  ANIMALS  NECROPSIED 
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TABLE  C2.  FEMALE  RATS:  IMONNEOPLASTIC  LESIONS  (CONTINUED) 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

NERVCCS  SYSTEM 
NONE 

SPECIAL  SENSE  CBGANS 
NCNE 

MUSCULOSKELETAL  SYSTEM 
NCNE 

EODY  CAVITIES 
NCNE 

ALL  CTREE  SYSTEMS 
NCNE 

SPECIAL  MCREHCLCGY  SUMMARY 


NO  LESION  REPCBTE  E 5 7 
AUTC/NECROPSY/HISTO  PERF  2 
AUTC/NECBOESY/NO  HISTO  1 1 


* 

* 


NUHEEB  OF 
NUMEER  OF 


ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 
ANIMALS  N EC  ROES  I EE 
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APPENDIX  D 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS 
IN  MICE  FED  LINDANE  IN  THE  DIET 
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TABLE  D1 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  MICE 

FED  LINDANE  IN  THE  DIET 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS  INITIALLY  IN  STGDY 

10 

50 

50 

ANIMALS  NECROFSIED 

10 

50 

47 

ANIMALS  EXAMINED  HISTCP ATHOLOGIC ALL Y 

10 

50 

47 

INTEGUMENTARY  SYSTEM 

NONE 

EESPIFATCFY  SYSTEM 

NONE 

HEMATCF CIETIC  SYSTEM 

♦SPLEEN 

(10) 

(50) 

(47) 

CONGESTION,  PASSIVE 
HYPERPLASIA,  LYMPHOID 

1 <256) 

1 <256) 

♦CERVICAL  LYMPH  NODE 

(9) 

(42) 

(37) 

INFLAMMATION,  FOCAL 

1 (3X) 

CIRCU IATCRY  SYSTEM 
NONE 


DIGESTIVE  SYSTEM 


# II V ER  (10) 

INFLAMMATION,  CHRONIC 
CIOOEY  SWELLING 
FOCAI  CELLULAR  CHANGE 


(49)  (46) 

1 (2%) 
3 <7X) 
1 (2%) 


♦BILE  CUCT 

DILATATION,  NOS 


(10)  (50)  (47) 

1 (1  OX) 


URINARY  SYSTEM 

♦KIDNEY  (10)  (50)  (47) 

LJISJ 

* NUMBER  OF  ANIMALS  RITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUMEER  OF  ANIMALS  NECROPSIED 
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TABLE  D1.  MALE  MICE:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


CONTROL  LOW  DOSE 

INFLAMMATION,  CHRONIC  FOCAL 

ENDOCBINI  SYSTEM 
NCNE 

BEPBCBCCTIVE  SYSTEM 
NCNE 

KEEVCUS  SYSTEM 
NCNE 


SPECIAL  SENSE  ORGANS 
NCNE 

MUSCULOSKELETAL  SYSTER 
NCNE 

EOCY  CAVITIES 
NCNE 

ALL  CTHEE  SYSTEMS 
NCNE 


SPECIAL  RCSEHCIOGY  SUMMARY 


NO  IESICN  REPORTED  6 26 
AUTC/NECRCESY/HISIC  PERF  1 
AUTCLYSIS/NO  NECRCPSY 


« 

* 


NUMEEB  OF  ANIMALS 
NUMEEB  OF  ANIMALS 


HITH  TISSUE  EXAMINED 
NECROPSIED 


MICROSCOPICALLY 


HIGH  DOSE 


1 (2X) 


25 

1 

3 
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TABLE  D2 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  MICE 

FED  LINDANE  IN  THE  DIET 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS 

INITIALLY  IN  STUDY 

10 

50 

50 

ANIMALS 

NEC  ECESIED 

10 

49 

49 

ANIMALS 

EXAMINED  HISTOPATHOLOGIC ALLY 

10 

49 

49 

INTEGUMENTARY  SYSTEM 
NONE 


BESFIEATCBY  SYSTEM 


NCNE 


HEMATOPOIETIC  SYSTEM 
♦SPLEEN 

HYEIBELASIA,  NODULAB 
HYP  EBPLASIA  , LYMPHOID 

(8) 

(49) 

2 (4*) 

(48) 

1 (2%) 
3 (6X) 

CIBCUL ATC  BY  SYSTEM 
NCNE 

DIGESTIVE  SYSTEM 

♦LIVEB 

MET AMCBPHOSIS  FATTY 

(10) 

1 (10*) 

(47) 

(46) 

♦BILE  DUCT 
CYST,  NOS 

(10) 

(49) 

(49) 

1 (2*) 

♦PANCBEAS 

DILATATICN/DUCTS 

(9) 

(46) 

(48) 

1 (2*) 

♦FEYEES  PATCH 

(9) 

(48) 

(48) 

2_i4S) 


♦ NUMEEB  OF 

* NUMEEB  OF 


ANIMALS  WITH  TISSUE  EXAMINED 
ANIMALS  NECEOFS IEE 


MICBOSCOPICALLY 


71 


TABLE  D2.  FEMALE  MICE:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

URINARY  SYSTEM 

•KIDNEY 

(10) 

(49) 

(47) 

INFLAMMATION, 

INTERSTITIAL 

2 (20%) 

INFLAMMATION, 

CHRCNIC 

1 (10%) 

1 (2%) 

ENECCFINE  SYSTEM 
NCNE 


REERCEC'CTIVE  SYSTEM 


♦UTERUS 

(7) 

(44) 

(43) 

HYIRCMETRA 

1 (2%) 

♦LTERUS/ENECMETRIUM 

(7) 

(44) 

(43) 

HYPERPLASIA,  NOS 

1 (2%) 

HYEEEELASIA,  FOCAL 

1 (2%) 

HYPERPLASIA,  CYSTIC 

3 (7%) 

2 (5%) 

•OVARY 

(7) 

(42) 

(46) 

FOLLICULAR  CYST,  NOS 

2 (5%) 

2 (4%) 

INFLAMMATION,  NOS 

2 (29%) 

2 (5%) 

5 (11%) 

INFLAMMATION,  SUPPURATIVE 

1 (14%) 

10  (24%) 

2 (4%) 

INFLAMMATION,  CHRCNIC 

1 (2%) 

NERVOUS  SYSTEM 
NCNE 


SPECIAL  SENSE  ORGANS 
NCNE 


MUSCULOSKELETAL  SYSTEM 
NCNE 


BCEY  CAVITIES 



* NUMEBB  OF  ANIMALS 

* NUMEEB  OF  ANIMALS 


HUB  TISSUE  EXAMINED  MICROSCOPICALLY 
NECBGFSIEE 
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TABLE  D2.  FEMALE  MICE:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


CONTROL  LOW  DOSE  HIGH  DOSE 


ALL  CTHEE  SYSTEMS 
NONE 


SPECIAL  MCBPBCLOGY  SUMMARY 


NO  LESICN  REPORTED  3 26 

AUTC/KECBCP  SY/HI STO  PERF  1 

AUTCIYSIS/NO  NECROPSY  1 


> NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED 
* NUMEER  OF  ANIMALS  NECECPSIEC 


MICROSCOPICALLY 


27 

1 
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APPENDIX  E 


ANALYSES  OF  THE  INCIDENCE  OF  PRIMARY  TUMORS 
IN  RATS  FED  LINDANE  IN  THE  DIET 
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Matched  Pooled  Low  High 

Topography:  Morphology  Control  Control  Dose  Dose 
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Weeks  to  First  Observed  Tumor -- 110  110 


(continued) 

Matched  Pooled  Low  High 

Topography:  Morphology  Control  Control  Dose  Dose 
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Relative  Risk  (Pooled  Control)^  1.892  0.000 

Lower  Limit  0.397  0.000 

Upper  Limit  11.410  1.869 
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Relative  Risk  (Pooled  Control)^  0.270  1.514 

Lower  Limit  0.524  0.274 

Upper  Limit  13.112  9.698 


(continued) 

Matched  Pooled  Low  High 

Topography:  Morphology  Control  Control  Dose  Dose 
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eThe  probability  level  for  departure  from  linear  trend  is  given  when  P < 0.05  for  any  comparison 
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(continued) 

Matched  Pooled  Low  High 

Topography:  Morphology  Control  Control  Dose  Dose 
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Relative  Risk  (Pooled  Control)1-  Infinite  Infinite 

Lower  Limit  0.059  0.061 

Upper  Limit  Infinite  Infinite 
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Relative  Risk  (Pooled  Control)11  Infinite  Infinite 

Lower  Limit  0.323  0.061 

Upper  Limit  Infinite  Infinite 
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Relative  Risk  (Pooled  Control)^  3.760  0.940 

Lower  Limit  0.390  0.012 

Upper  Limit  181.269  72.331 
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Relative  Risk  (Pooled  Control)^  3.800  1.917 

Lower  Limit  1.516  0.626 

Upper  Limit  11.891  6.755 
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Relative  Risk  (Pooled  Control)  1.333  1.022 

Lower  Limit  0.237  0.143 

Upper  Limit  8.665  7.260 
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ANALYSIS  OF  FORMULATED  DIETS  FOR 
CONCENTRATIONS  OF  LINDANE 
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APPENDIX  G 


Analysis  of  Formulated  Diets  for 


Concentrations  of  Lindane 


A 100-g  sample  of  the  diet  was  shaken  with  125  ml  hexane  for  16 
hrs.  , then  filtered  through  Celite  with  hexane  washes  and  reduced 
in  volume  to  10  ml.  After  appropriate  dilutions,  the  solution 
was  quantitatively  analyzed  for  lindane  by  gas-liquid 
chromatography  (electron-capture  detector,  10%  DC-200  on 
Gas-Chrom  Q column).  Recoveries  were  checked  with  spiked 
samples,  and  external  standards  were  used  for  calibration. 


Theoretical  No.  of  Sample  Coefficient  of  Range  (ppm) 

Concentration  Samples  Analytical  Variation  (%) 
in  Diet  (ppm)  Mean  (ppm) 


80 

160 

320 

640 


26 

33 

16 

11 


79.2 

160.2 

317.8 

655.5 


4.0% 

4.0% 

3.2% 

5.1% 


74.2-85.6 

144-174 

296-337 

600-708 
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